During the last quarter century there has been a rapid advance in the science 'of histochemistry. Much of this progress stemmed from the original publication of the texts of Gomori, Glick, Pearse, and Burstone between 1949 and 1962 , and considerable research by many others since then (1). In 1969, Kendall Dixon, of the Department of Pathology, University of Cambridge, stated that he believed that a "knowledge of histochemistry is rapidly becoming an essential requirement for pathologists," and "medical scientists have begun to appreciate that the actual location of molecules within cells and tissues must be known with precision, i f there is to be any realistic concept of what is happening within them, alike in both health and disease" (2).
Yet in spite of the histochemical methodologyavailablefor developing a functional histology, the practice of histology remains in large part, with many pathologists, the static, purely morphologic science it was some 75 years ago. Generally, a sole reliance is placed on the microscopic exdmination of hematoxylin-and-eosin-stained sections, with perhaps an occasional connective tissue stained preparation, by methods which in general were already developed by the first decade of this century (3,4). The importance of tissue and cellular morphology in the recognition of druginduced iesions and neoplastic changes is undeniable. However, the additional information given by selected histochemical approaches can add a functional dimension to an otherwise descriptive report, and provide a basis for the interpretation of the observed morphologic appearances.
There is no doubt that the under-utilization of histochemical technology often lies in the presumption that histochemical procedures are time consuming and too intricate. However, such obstacles have not been placed in the way of more sophisticated approaches in clinical chemistry and hematology. Perhaps greater support should be given to the more advanced training of histology technologists, to a level similar to that of other medical technologists.
However, the real purpose of this communication is to outline a few histochemical approaches that may be of interest to the pharmacologic and environmental pathologist. In this short account only afewexamples can be given, but perhaps some readers will be encouraged to look further into the utility of developing a more functional histology within their departments.
The examples will relate to enzyme histochemistry, partly because of the author's own interest, but mainly because enzyme activity is an integral part of cellular function and status. A number of excellent texts are available for reference in which the methods are clearly set forth and reasonably easy to apply (1, 5, 6). Many specific substrates have been synthesized and developed for the demonstration of different enzyme activities in tissue sections. The naphthol anilides are examples, naphthol AS BI phosphate and naphthol AS D acetate for phosphatase and esterase activities. The enzyme removes the acid radical, and the napthol AS combines with a diazo compound in the medium to produce acolored product at the site of enzyme activity. Tetrazolium compounds are commonly used for the demonstration of dehydrogenase activity because of their ability to capture hydrogen released from the substrate with the formation of pigmented formazans. Some examples of the demonstration of enzyme activity in tissue sections are given below.
HY DROLASES:
The hydrolases include all those enzymes with a hydrolytic potential, and many are found in association with the cell lysosomes. Several of the commoner members of this group are phosphatases, esterases, glucuronidase, and aminopeptidase.
Phosphatase is probably the mostcommonlystudied of the hydrolases. The two common phosphatases are alkaline and acid phosphatase, and the classification depends on the optimum pH of the activity for these two enzymes. The presence of materials such as beryllium and polyestradiol phosphate have been stated to be potent inhibitors of alkaline phosphatase activity in kidney and intestine (7). Acid phosphatase is found in all lysosomes and is therefore an excellent marker for lysosomal activity. The discharge of lysosomal contents via exocytosis can be readily followed in sections treated to demonstrate acid phosphatase. This type of activity is found associated with macrophages during phagocytosis at foreign body reaction sites or in areas of necrotic tissue.
Glucose-6-phosphatase is associated with the release of glucose into the circulation. Activity is increased in the liver of animals treated with glucocorticosteroids. It is usually demonstrated by the method of Wachstein employing glucose-6-phosphate and lead nitrate in the substrate medium and visualizing the lead phosphate deposited in the section with diluted ammonium sulfide.
Adenosine triphosphatase is an essential link in energy transfer. In rat liver two types are found, one calcium and the other magnesium activated. Histochemically, heart, kidney, skeletal muscle, pancreas, and brain show high levels of activity. Because of substantial levels in vascular endothelium, it is useful in demonstrating angioblastic activity. It is demonstrated by a system similar to that for glucose-6phosphatase.
Esterases are afairly large class of hydrolytic enzymes, and generally associated with lysosomes. The commonly demonstrated type in histochemistry is nonspecific esterase (with naphthol AS D acetate as substrate) and the cholinesterases. Nonspecific esterase activity is observed in association with kidney tubules. Acetylcholinesterase is found in rat liver and nervous tissues. Organophosphate compounds are often strong inhibitors of this enzyme activity.
Aminopeptidase activity in tissue sections is usually demonstrated with the substrate leucyl-methoxy-beta naphthylamide and Fast blue B salt. It is a useful indicator for the presence of proteases and cathepsins at tissue sites, and therefore of value in the study of inflammation and the potency of antiinflammatory drugs (8). Aminopeptidase activity is significant in wound healing (9). SPEP, Val. IV, No. 4, December, 1976 The above hydrolases do not include all those demonstrable, but those of major interest. OXIDOREDUCTASES: This is the other main group of enzymes that can be histochemically demonstrated in tissue sections. Two main subgroups, dehydrogenases and oxidases, are of value in functional histology.
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Some of the dehydrogenases that can be identified histochemically are associated with the Kreb's citric acid cycle, and are therefore involved in hydrogen transport and cellular metabolism. Succinate, malate, and isocitrate dehydrogenases are examples. Others such as lactate and glucose-6-phosphate dehydrogenase also play essential roles in metabolic processes. All these dehyrdrogenases can be readily identified in unfixed cryostat sections by histochemical means if the appropriate co-enzyme is present in the incubating media. Tetrazolium salts in the incubating media act as hydrogen acceptors, and the formazans formed are insoluble pigments and demonstrate the site of the activity.
Fhanges in dehydrogenase activity can have diagnostic significance in tissue sections. Increased glutamate dehydrogenase activity is found in liver sections when changes in serum transaminase have been noted (10). In areas of ischemia, succinate and lactate dehydrogenases are decreased to varying degrees. With carbon tetrachloride intoxication, a decrease in succinate dehydrogenase activity can be observed prior to morphologic changes in the liver. Again, variations in steroid dehydrogenases have been found in endometrium of steroid-trested animals. An increase in the pentose shunt dehyrdrogenases, glucose-6-phosphate dehydrogenase, and phosphogluconate dehydrogenase has been observed histochemically in rat hepatomas, and in human malignant cells (11, 12) .
Within the limitations of this article, only a few examples of enzyme histochemical approaches that can be applied toward a more functional aspect to histology have been given; but, hopefully, there are sufficient examples to at least promote the consideration of developing a morecomprehensive histochemical approach to histologic problems among readers. With increased application of enzyme histochemistry, information could be accumulated on the effects of drugs and environmental products on the enzyme activities of particular tissues and cell types. Such information, together with morphological and biochemical data, should provide valuable insights in understanding the mode of action of new materials in the future.
